yield data collected over many years in the same field and a larger set of measured soil and terrain variables Doll, 1991; Afyuni et al., 1993; Timlin et al., 1998 ; Jaynes factors had either no effect or a positive effect in dry years. Alternately, Lindstrom et al., 1992) , show a greater yield decline curvature had a negative effect in dry years and no effect in wet years.
S
ite-specific management of agricultural fields has versely, in years with above average rainfall, field areas the potential to increase profitability, while miniwith slight slope gradients and closed depressions can mizing environmental contamination (Vanden Heuvel, have reduced yield (Jaynes et al., 2002) . 1996). Farmers will be better able to implement siteSoybean and corn differ in many anatomical and physspecific management practices when they understand iological characteristics (Gardner et al., 1985) and would the causes of spatial and temporal variability of corn be expected to respond differently to soil and terrain and soybean yield in their field. Using geographic inforproperties. Sadras and Calviñ o (2001) found that under mation systems (GIS), differential global positioning dry conditions corn yield was more depressed by shallow systems (DGPS), yield monitors, aerial photographs, soils than soybean yield. Some soybean cultivars are and soil analyses, a number of researchers have colrelatively sensitive to iron chlorosis on calcareous soils lected spatially linked data sets to examine the relationin Iowa, whereas corn is generally not limited by iron ships between crop yield and a few terrain and soil on most Iowa soils (Voss et al., 1999) . Soybean, howproperties across production fields (Timlin et al., 1998;  ever, can obtain most of its N through N fixation, Khakural et al., 1998; Mallarino et al., 1999;  Kravchenko whereas corn obtains all of its N from the soil. In spite and Bullock, 2000; Kaspar et al., 2003) . Although these of these differences, Kravchenko and Bullock (2000) studies have increased our understanding of yield variobserved similar corn and soybean yield responses to ability across fields, the relationships obtained between soil properties, terrain variables, and precipitation in crop yield and terrain and soil properties explained only Illinois and Indiana. In Minnesota, however, Khakural part of the yield variability and did not identify all of et al. (1998) reported that soybean yield was related to the underlying factors that controlled yield. Presumably, K concentration, soil profile water storage, slope, and carbonate depth, whereas corn yield was related to top- Terrain and soil properties are often highly correlated with each other because of the processes of soil development, erosion, and sedimentation (Gerrard, 1981; Pennock and de Jong, 1987; Moore et al., 1993) . As a result, one of the problems encountered when using regression analysis to examine the relationships between a large number of soil and terrain variables and crop yield is multicollinearity. Multicollinearity occurs when two or more independent variables in a regression model are correlated with each other and provide redundant information to the regression model (Bowerman and O'Connell, 1990) . When multicollinearity exists among variables, the estimates of variable coefficients are dependent on which variables are included in the final regression model. Furthermore, the variables selected for the final regression model are also influenced by which variables are included in the selection pool. Thus, when using regression analysis to examine the relationship between yield and a large number of correlated terrain and soil variables, it may be difficult to determine the relative importance and validity of the variables included in the final model. Additionally, variables may sidered typical for Iowa and is described in detail in Karlen be selected for the model even when there is not an and Colvin (1992) and Colvin et al. (1997 and then using these groups as independent variables cultivator have occurred before corn planting. Considered typfor regression analysis.
ical, fertilizer management has consisted of at least 168-38-93 kg (N-P-K) ha Ϫ1 applied in the fall after soybean since 1980.
A unique data set was collected in a commercial field
Rainfall during the May through August growing season was in central Iowa, which included 11 yr of weigh-tank yield used as an indicator of plant-available water (Kaspar et al., data and 20 soil and terrain variables. Our first objective 2003) . Daily precipitation totals were obtained from an Iowa for this study was to determine if factor analysis of 20 soil State University research farm located 7 km south of the study and terrain variables, followed by stepwise regression area (Todey, 2000) and cumulative precipitation for the period analysis of the resulting factors would provide a better
May through August was calculated (Table 1) .
understanding of the causes of spatial variability of corn and soybean yield than factor and regression analysis Yield Measurements of a subset of seven more easily measured terrain, EC, Crop yield was measured for 11 consecutive years, starting and soil color variables. Our second objective was to with corn in 1989. Details of the harvest method used and a determine whether the relative importance of the refurther description of the yield data can be found in Colvin et sulting factors in explaining yield variability differed al. (1997) . Grain yield was measured using a modified combine between corn and soybean or between wet and dry with a weigh tank mounted inside the combine grain storage years.
tank (Colvin, 1990) . The weigh tank was mounted on strain (Fig. 1 ). Transects were relocated each Apparent soil electrical conductivity (EC) was measured year from buried permanent benchmarks and 28 yield plots at the same time elevation measurements were made using (12.1 m long) within each transect were located and marked.
an EM-38 electrical conductivity induction meter (Geonics, Thus, each year resulted in 224 transect plot yield measureLtd., Mississauga, ON, Canada). The EM-38 was attached to ments. The individual yield plots were 12.1 by 2.28 m for corn a fiberglass boom in the vertical dipole position and pulled and 12.1 by 3.80 m for soybean.
across the field with an all terrain vehicle (Jaynes et al., 1995a Ϫ1 ; values are negative for curvatures that are were collected randomly within each transect yield plot and concave upwards)-were then calculated for each 2-m grid cell composited. Each sample was passed through a 2-mm sieve of the DEM using the Arc/Info GIS software CURVATURE and air-dried. Soil samples were extracted using Mehlich III command (Arc/Info, 1998) . Within the field there were several solution (Mehlich, 1984) and analyzed for P, K, Fe, and Zn closed depressions (potholes) characteristic of the poor drainusing a simultaneous inductively coupled plasma-atomic emisage of this young landscape (Andrews and Dideriksen, 1981) .
sion spectrometer (ICP) (Soltanpour et al., 1996 ; Thermo Jar-A depression depth attribute was calculated to quantify the rell Ash, ICAP 61E, Franklin, MA). effect the closed depressions could have on yield. The DEMfill A soil core was collected from the approximate center of script associated with the Spatial Analyst extension of ARC/ each transect plot and georeferenced using GPS in April 1999. View (Environmental Systems Research Inst., Redlands, CA)
A truck-mounted hydraulic soil sampler was used for the exwas used to numerically fill in the internal depressions within traction. The soil sampling tube was 1.20 m long and 3.2 cm the DEM surface. This new surface was then subtracted from internal diameter. Thickness of A horizon was defined as the the original DEM surface to give the depression depth. The depth below the surface of the first change of soil color or depression depth surface was 0.00 m for most of the field and texture, and is similar to the requirements for a mollic epipedon (chroma and value Յ3). Carbonate depth was determined by dropping a 10% hydrochloric acid solution on the by the factors. Its purpose is to derive linear combinations of a set of variables or factors that retain most of the information After the preliminary stepwise regression procedure the and variation contained in the variable data set (SAS Inst., residuals were examined using PROC VARIOGRAM (SAS 2000) . The maximum number of factors possible is 20, which Inst., 2000) with a lag distance of 12 m and up to a maximum is equal to the number of variables. Only factors with eigenvallag of 14 (0.5 of transect length) to determine whether spatial ues Ͼ1 were retained (Hair et al., 1987; Brejda et al., 2000) covariance exists among the residuals. In all cases spatial coand were rotated orthogonally with the varimax option (SAS variance was present and the omnidirectional variogram was Inst., 2000). Rotation of factors is essentially the application not different from the east-west variogram (direction of the of linear transformation to obtain a more meaningful and transects). PROC NLIN (SAS Inst., 2000) using a weighted discriminating patterning of variable factor loadings within least square procedure (Gotway, 1991) was then used to fit and between factors (Hair et al., 1987) . Factor loadings are and compare spherical, gaussian, and exponential models to the correlations between the soil and terrain variables and the empirical variograms. In all cases, the spherical models each factor. Factor scores for the retained factors, which converged to a solution and were selected because each had ranged from negative to positive values, were calculated from reasonable values for the nugget, sill, and range, and had the factor loadings for each variable and variable values for each best or near best multiple performance criteria (Meek, 2002) . of the 224 yield transect plots using PROC FACTOR (SAS The nuggets were very small or equal to zero, sills were equal Inst., 2000).
to or slightly less than the variance of the residuals, and the A stepwise regression procedure (PROC REG; SAS Inst., ranges fell between 39 and 77 m for factors based on 20 2000) was used to regress corn and soybean yield on the factor variables and between 51 and 118 m for factors based on seven scores. Selection of factors for inclusion in the model was variables. The spherical models were then used in PROC based on probability Յ0.05 (Freund and Littell, 2000; SAS MIXED (SAS Inst., 2000) following the examples of Littell Inst., 2000). These same procedures were repeated using a et al. (1996) to account for the spatial covariance among the subset of seven "easily measured" variables: EC, soil color, errors and to adjust the intercept and coefficients of the regreselevation, slope, plan curvature, profile curvature, and depression models. sion depth. Corn and soybean yield measurements were standardized before analysis by dividing yield by the maximum yield attained by the specific crop in any transect plot over
RESULTS AND DISCUSSION
all the years (13.78 Mg ha Ϫ1 for corn; 4.28 Mg ha Ϫ1 for soybean; Table 2 ). Additionally, corn and soybean yields were averaged are presented in Table 3 . Of note is the wide range in organic C content, ranging from 0.0034 to 0.0664 kg properties along a hillslope are determined by slope, position on the hillslope, surface water flow, drainage, kg Ϫ1 . Furthermore, the minimum values reported for pH, K, P, and Zn fall below the minimum recommended and soil transport (Ruhe, 1969; Gerrard, 1981; Pennock and de Jong, 1987; Moore et al., 1993) . Slope is negalevels for corn of 6.0 for pH and of 91 mg K kg
Ϫ1
, 16 mg P kg
, and 0.8 mg Zn kg Ϫ1 (Voss et al., 1999) . tively related to silt, clay, and organic matter content because of the processes of erosion and sedimentation Factor analysis is the name of a class of multivariate statistical methods that can be used to summarize and (Malo et al., 1974; Pachepsky et al., 2001 ), especially at sites such as this one where the topsoil contains more describe large groups of variables (Hair et al., 1987; Brejda et al., 2000) . It can be used to identify relationsilt, clay, and organic matter than the underlying soils (Steinwand and Fenton, 1995) . Furthermore, organic ships among groups of variables, which when examined may suggest an underlying common factor that explains C is strongly correlated with clay content because the capacity of a soil to retain organic matter is favored by why these variables are correlated. Of 20 possible factors, only the first four had eigenvalues Ͼ1.0 (Table 4) . fine texture and poor drainage (Baddock and Nelson, 2000) . Soil color is an indicator of soil organic matter Communalities of the 20 variables measured in this field indicated that these four factors explained a large part and has a negative loading because low values are indicative of dark, high organic matter soils and high values of the variation of most of the measured variables (Table 4) . More than 80% of the variation in sand, silt, indicate light colored, low organic matter soils. Soil electrical conductivity (EC) has been shown to be highly clay, C, N, pH, EC, soil color, slope, P, and Zn were explained by the four factors. Measured variables with correlated with soil properties such as clay content (Williams and Hoey, 1987) , water content (Kachanoski et relatively high factor loadings (Ͼ0.70) within each factor are indicated in Table 4 . Factor loadings indicate the al., 1988), soil salinity (Rhoades and Corwin, 1981) , soil organic matter content (Jaynes et al., 1995b) , and cation correlation between a variable and an underlying common factor. These highly loaded variables were then exchange capacity (McBride et al., 1990) . Nitrogen and Zn also have high loadings for Factor 1 and these two used to propose a possible common underlying factor that linked variables together within each factor. Addinutrients are strongly correlated with C and clay content (Moraghan and Mascagni, 1991 ; Baddock and Nelson, tionally, by examining factor loadings and communalities we might have been able to identify variables that 2000; Blackmer, 2000). Factor 2 was termed the closed depression factor becould be eliminated because they are not highly correlated with any of the factors or they provide redundant cause of a high positive loading for depression depth.
Only two other variables, P and K were highly loaded information. For the purposes of this paper, however, we have retained all of the measured variables in the for this factor. Both of these variables were highly correlated to each other and to depression depth. We hypothanalyses.
Factor 1 had the largest eigenvalue by far and also esize that high P and K levels occurred in the closed depressions in this field because over the years erosional had the most variables with large positive or negative loadings. It had high positive loadings (Ͼ0.70) for silt, processes have deposited sediments carrying P and K in these locations. The farmer's normal practice is to clay, organic C, N, Zn, and EC and high negative loadings for sand, soil color, and slope. It was termed the surface apply P and K fertilizer in late fall or winter in years before corn and to incorporate with shallow tillage landscape position factor because soil development and in the spring. As a result, the P and K fertilizer has pattern of yield variability in this field differed between years with below average May-August cumulative prethe potential to move with sediments when water flows across the surface during winter or early spring and to cipitation (dry years; Tables 1 and 2 ) and those with above average precipitation (wet years). Therefore, be deposited into the closed depressions. High P and K levels did occur in other areas of the field resulting in corn and soybean yields of transect plots were averaged over wet years or dry years before they were regressed moderately high Factor 2 scores. In one area of the field close to the northern edge, the high P and K levels may on the factor scores for the four factors derived from the factor analysis of the 20 terrain and soil variables have resulted from overlapping of fertilizer applied to the neighboring field to the north, which is not separated ( Table 5 ). The corn dry years regression equation had an R 2 of from the study field by a fence or buffer area.
Factor 3 was termed the soil pH factor because of 0.71 and a RMSE of 0.045. Three factors contributed significantly to the regression equation. The most imhigh positive loadings for pH and high negative loadings for Fe content. Carbonate depth also had moderate portant term in the regression equation was the landscape position factor, Factor 1, which had a positive negative loading as carbonates near the surface would tend to increase pH. Iron content was negatively correcoefficient. In drier growing seasons, the primary effect of this factor on yield was probably related to water lated with pH and Fe availability is known to decrease as pH increases (Moraghan and Mascagni, 1991) . The availability. In particular, topsoils with high silt, clay, and organic C contents and low sand contents were areas in the field with relatively high pH (Ͼ7.5) are found on the edges of closed depressions where relaassumed to be able to hold more water than the coarsertextured soils in this field. In several locations erosion tively high water tables occur seasonally or on shoulders and summits with severely eroded, coarse-textured soils had removed the topsoils and because the underlying subsoils were extremely sandy, these areas had very with calcium carbonates near the surface. Zinc availability also decreases with high pH, but the effect is more negative Factor 1 scores and low yields. High Factor 1 scores were also indicative of high total N and Zn conpronounced on soils with low organic C contents (Moraghan and Mascagni, 1991) , and therefore Zn did not tent. Total N of soils is related to N availability, and therefore is important for corn growth (Blackmer, correlate as well with pH as did Fe.
Factor 4 was termed the curvature factor because of 2000). Zinc levels Ͻ0.8 mg kg Ϫ1 (Table 3) can result in Zn deficiencies in corn (Voss et al., 1999) , especially on a high positive loading for profile curvature. Plan curvature and elevation also had moderate positive loading eroded soils with low organic C and high pH (Moraghan and Mascagni, 1991) . Because soil Zn concentrations and A horizon depth had a moderate negative loading. Relatively large positive or negative curvatures occur were less than the recommended soil tests levels for corn production in some areas of the field, Zn deficiency in areas of transition on hillslopes and these areas either lose or accumulate soil through erosive processes. Thus, may have reduced yield in some areas with very negative Factor 1 scores. areas with relatively high elevation and convex curvature lose soil and have shallow A horizons and areas
The curvature factor, Factor 4, was the second most important term in the corn dry years regression and had with low elevation and concave curvature accumulate soil and have deep A horizons. It is likely that a portion a negative coefficient. In general, yield was low in areas of the field with convex shoulders, high elevations, and of the erosion that occurs in these field areas is caused by displacement of soil caused by tillage operations over shallow topsoils. Conversely, yield was high at concave footslope positions, with low elevations and deep topmany years (Lindstrom et al., 1992) . The shallow topsoils in convex field areas have reduced storage capacity soils. In years with below average growing season precipitation, these characteristics are probably related to for water and nutrients. Additionally, field areas with convex curvature tend to receive less water from higher water storage and infiltration. The third factor to affect the corn dry years regression elevations by way of surface flow or subsurface lateral flow. The reverse is true of concave footslopes, which equation was the soil pH factor (Factor 3), which had a positive coefficient and a large negative loading for receive water from higher elevations and have deeper topsoils.
pH and a large positive loading for Fe. Iron generally does not limit corn yield in Iowa (Voss et al., 1999) . Using factors as variables for multiple regression analysis avoids the multicollinearity problems that are asso-
The minimum pH measured in this field was 4.62 (Table 3) and for the soil types in this field, liming is ciated with multiple regression analysis using variables that are correlated with each other. A previous study recommended for corn when the soil pH is Ͻ6.0 (Voss et al., 1999) . The maximum pH in this field, 7.65 (Kaspar et al., 2003) had demonstrated that the spatial (Table 3) , is slightly higher than desirable. The positive 0.058 (Table 5 ). This indicates that the regression for the soybean dry years explained a smaller percentage coefficient for this factor in the regression equation, the negative factor loading for pH, and the positive loading of the variability and had more residual error than the regression for corn dry years. Three factors contributed for Fe, however, indicated that high pH and low Fe were related to low yield rather than low pH as would norsignificantly to the regression equation for the average yield of soybean in the dry years. Factor 1, the landscape mally be expected (Tables 4 and 5 ). Negative Factor 3 scores, high relative pH values, and low Fe concentraposition factor, was the most important factor in the regression equation and had a positive coefficient. In tions occurred at two landscape positions in this field, along the edges of closed depressions and at coarsethe dry years, field areas with high positive Factor 1 scores had finer textured soils, higher organic C contextured shoulder and summit positions. Examining a plot of Factor 3 scores vs. yield (data not shown) illustents, and relatively high yields compared with areas that had low negative Factor 1 scores, coarser textured trated that shoulder and summit positions with negative Factor 3 scores had relatively low corn yields, whereas soils, and lower organic C contents. For soybean, we suspect that high Factor 1 scores in dry years were relowland positions with negative Factor 3 scores had relatively high yields. Thus, we speculate that the associlated to better topsoil water availability and that availability of Zn and N was not as important as it would ation of high pH and low Fe with shoulder and summit positions resulted in the positive relationship of Factor 3 have been for corn. The next most important factor that affected soybean yield in the dry years was Factor 4, with yield and that the relatively low water availability at these positions or some other unknown factor(s) was the curvature factor. The curvature factor was somewhat less important in the soybean regression equation than (were) the causal factor(s). Factor 2, the closed depression factor, did not have a significant effect on yield.
it was in the corn regression equation for the dry years. Similar to the corn regression, Factor 4 had a negative The regression equation of the average corn yield of the 2 wet years had an R 2 of 0.70 (Table 5 ), but because coefficient indicating that negative Factor 4 scores and higher soybean yields were associated with concave teryield was usually more variable in wet years in this field (Table 2) , the RMSE was 0.079 and was considerably rain features near the base of hills where topsoil depth, water infiltration, water storage, and water supply from larger than that of the corn dry years. Three of the four factors contributed significantly to the regression higher elevations would be greater than that at convex shoulder positions. The pH factor, Factor 2, had a posiequation. The closed depression factor had a negative coefficient and the greatest effect on predicted yield. tive coefficient. In contrast to corn, soybean in Iowa is commonly Fe deficient on high pH, calcareous soils The depression factor did not have a significant effect on corn yield in the dry years. During the 2 wet years, (Voss et al., 1999) . Unlike corn, soybean yields at both shoulder and lowland landscape positions with very neghowever, water frequently ponded in the closed depressions resulting in excessive wetness or waterlogging ative Factor 3 scores were lower than yields at the same landscape positions with higher Factor 3 scores. Thus, stress on corn plants in or near the closed depressions. Factor 1, the landscape position factor, also had a negasoybean yield may have been reduced by high pH and low Fe availability. Soybean yield, like corn, was not tive coefficient, which is opposite the sign of the coefficient in the dry years. In wet years, high Factor 1 scores, affected by the closed depression factor (Factor 2) in the dry years. which were associated with low slopes and finer textured soils, identified areas of the field with poor drainage, The regression equation for the average soybean yield of the three wet years had an R 2 of 0.68 and a RMSE excessive wetness stress, and low yield. In contrast, field areas with low or negative Factor 1 scores, moderate of 0.119 (Table 5 ). Because soybean yield was more variable in the wet years than in the dry years (Table 2) , slope, and slightly coarser textured soils had moderate to relatively high yields. Factor 3, the pH factor, had the RMSE for the wet years was much larger than that of the regression equation for the dry years. Soybean a positive coefficient. This factor also had a positive coefficient for the regression on yield in the dry years, had a more negative coefficient for the closed depression factor than corn in the wet years. This reflected but the wet years' coefficient was twice as large, indicating the increased importance of this factor in the wet the very low or zero yields often obtained from the closed depressions because of surface ponding and exyears. As for corn yield in the dry years, we would not anticipate that Fe would limit corn yield. High pH and cessive water stress at various times during the growing season. The next most important factor in the regression low Fe were associated with field areas where yield probably was limited by other factors. For example, equation was the pH factor. The positive coefficient for this factor was larger than that of the regressions for Factor 3 scores were negative along the edges of the closed depressions and in the wet years, corn yields were the soybean dry years or for corn yield. The relatively large coefficient probably reflects a stronger response probably reduced in these areas by excessive wetness stress. Factor 4, the curvature factor, had no effect on of soybean to negative Factor 3 scores, which are associated with high pH and low Fe and with the edges of corn yield in the two wet years. This indicates that the shallow topsoil depth on the convex shoulders was not the closed depressions. Factor 1, the landscape position factor, also had a negative coefficient, but it was less as much of a disadvantage in years with above average rainfall.
negative than the coefficient for the wet corn years. The negative coefficient reflects the low yield of the fineThe regression equation for the average soybean yield of the 2 dry years had an R 2 of 0.67 and the RMSE was textured soils with low slopes and the relatively higher yield of coarser textured soils on more sloping areas. water tables in the closed depressions than corn. Lastly, corn responded more strongly to Factor 1 in the wet In the wet years, excessive wetness probably limited yield rather than water storage. Factor 4, the curvature years and less strongly in the dry years than soybean. In other words, corn responded more favorably and factor, was not significant.
Two of the more interesting results of this analysis consistently to the improved drainage with coarser-textured soil and greater slopes in the wet years and was were the comparisons between wet and dry years and between corn and soybean. Regression equations for not affected as much or as consistently by coarse soils and slope in the dry years as soybean. the wet years had negative coefficients for Factor 1, the landscape position factor, whereas those for the dry years had positive coefficients. Furthermore, Factor 1
Seven-Variable Subset
was one of the two most important factors in the dry With the proper equipment, terrain variables (elevayears, but was not as important in the wet years. The tion, slope, plan curvature, profile curvature, and denegative response of yield to Factor 1 in the wet years pression depth) and EC can be measured on most fields was dominated by areas of the field with high Factor 1 in a few hours. Similarly, soil color can be easily meascores, fine soil texture, low slopes and low yields or sured from aerial photographs of bare soil. Therefore, no yield because of ponding, high water tables, and it is important to determine if the same information for excessive wetness stress. Furthermore, the effect on yield interpreting crop yield variation can be derived from of reduced water and nutrient availability on the coarsefactor and regression analysis of a subset of seven more textured soils (i.e., very negative Factor 1 scores) was easily measured variables as was determined from the reduced by ample rainfall in wet years. Wet and dry 20-variable set. Factor analysis of the seven variables years' regression equations also differed in that Factor revealed that only the first two factors out of seven 2, closed depressions, had a strong negative effect on possible factors had eigenvalues Ͼ1.0 (Table 6 ). Comyield in the wet years and no effect in the dry years.
munalities of the seven variables measured in this field This was primarily due to the reduction of yield in the indicated that these two factors explained Ͼ70% of the closed depressions caused by ponding, high water tables, variation in EC, soil color, slope, elevation, plan curvaand excessive water stress in the wet years. In the dry ture, and profile curvature. Depression depth was not years, ponding and high water tables either did not occur well represented by either of the two factors and had or occurred for very short periods of time. Factor 3, the only a moderate loading on Factor 1. The factor loadings high pH factor, had a stronger influence in wet years for Factor 1 indicated a strong relationship of light colthan dry years. Similar to the effects of Factors 1 and ored soils, low EC readings, and relatively high slopes 2, this was probably the result of relatively low yields and elevations with the underlying common factor. This in wet years in the field areas along the edges of the factor was similar to Factor 1 from the 20-variable data closed depressions, which also tend to have high pH set and was also termed the landscape position factor. and low Fe contents. Prolonged periods of high water
The second factor could be termed the curvature factor contents in calcareous soils also may intensify Fe defiand had high positive loadings for plan and profile curciency due to a buildup of HCO 3 in the soil solution vature. Relatively large positive or negative curvatures (Moraghan and Mascagni, 1991) . Factor 4, profile curvaoccurred in areas of transition on hillslopes and this ture, was much more important in the dry years than factor is similar to Factor 4 from the factor analysis of in the wet years. Here again, greater than average prethe 20-variable data set. cipitation in the wet years reduced the negative effects
The relationships of the average corn and soybean on yield of shallow topsoils, less profile water storage, yield in the wet and dry years to the two factors are and less infiltration on convex shoulders compared with presented in Table 7 . The two-factor models always had concave footslope positions.
lower R 2 and higher RMSE than the corresponding fourDifferences between the regression equations for factor model (Table 5) , especially in the wet years. The corn and soybean involve all four factors. Soybean had four-factor model was more successful at explaining the slightly larger Factor 3 coefficients, more negative Facyield variation for a number of reasons. First, the fourtor 2 coefficients, and less negative Factor 4 coefficients than corn. Negative Factor 3 scores resulting from high may indicate a greater susceptibility to ponding and high affected yield. While the results of this analysis are only applicable to this field and to other fields in the same factor model has a high factor loading for depression area with similar topography, soils, and management, depth in Factor 2 and captures more of the variation in this approach for analyzing the data can be applied to the wet years. Second, the four-factor model has a pH other fields and crops. In the future, we hope to use factor, which explains some of the yield variability this approach to examine additional fields and to use caused by high pH for soybean. Third, the magnitude the background information as covariates for evaluating of the yield response to the pH, closed depressions, the response of corn and soybean yield to inputs such and curvature factors in the four-factor model differs as N, P, K, and lime. between corn and soybean. Thus, the factor and linear regression analysis based on the 20-variable data set
